Experimental and clinical data suggest a role of sex steroids in the pathogenesis of multiple sclerosis (MS). Scant information is available about the potential effect of oral contraceptive (OC) use on the prognosis of the disease. We aimed to evaluate this. The study population consisted of 132 women with relapsing-remitting MS before receiving disease modifying treatment and a mean disease duration 6.2 (SD 5.1) years. Three groups of patients were distinguished according to their OC behavior: [1] never-users, patients who never used OC [2] past-users, patients who stopped OC use before disease onset, and [3] after-users, those who used these drugs after disease onset. Multiple linear and logistic regression models were used to analyze the association between oral contraceptive use and annualized relapse rates, disability accumulation and severity of the disease. After-user patients had lower Expanded Disability Status Scale (EDSS) and Multiple Sclerosis Severity Score (MSSS) values than never users (p b 0.001 and p = 0.002, respectively) and past users (p = 0.010 and p = 0.002, respectively). These patients were also more likely to have a benign disease course (MSSS b 2.5) than never and past users together (OR: 4.52, 95%CI: 2.13-9.56, p b 0.001). This effect remained significant after adjustment for confounders, including smoking and childbirths (OR: 2.97, 95%CI: 1.24, 6.54, p = 0.011 and for MSSS β: − 1.04; 95% C.I. − 1.78, − 0.30, p = 0.006). These results suggest that OC use in women with relapsing-remitting MS is possible associated with a milder disabling disease course.
Introduction
Multiple sclerosis (MS) is an inflammatory disease of the central nervous system characterized by demyelization and neurodegeneration. More than 80% of all MS patients present initially with acute attacks (relapses) of neurological dysfunction, characterizing the relapsing-remitting phenotype (RR-MS) [1] . A large body of evidence suggests that gender influences the susceptibility and the clinical course of the disease. A higher prevalence of women with the RR-MS and a female-specific increase in the incidence of the disease has been documented, mainly from an increase in the number of female patients with RR-MS [2] . Gender-related differences in clinical severity, immunological features and brain damage have also been reported, suggesting an effect of sex hormones [3, 4] . Moreover, in mice with experimental autoimmune encephalomyelitis (EAE), the animal model of MS, treatment with sex hormones is able to protect against the development of the disease or reduce the severity of its clinical signs [5] .
Oral contraceptives (OC) constitute a source of exogenous sex hormones for many women. Therefore, OC use may provide an opportunity to assess the influence of these hormones on the risk and clinical course of MS. Some studies have suggested a delay in the age of disease onset (DO) associated with OC use [6, 7] . Nevertheless, despite its practical interest for MS women who decide to take this preventive method of conception, only few inconclusive studies have addressed the impact of its use on the prognosis of the disease [8, 9] . These studies are complicated by the influences of potential confounders and by modification of the effect of OC use from differential treatment effects ("interaction bias"). Most patients with RR-MS are now treated very early with immunomodulatory agents, which could alter the natural history of the disease, though some may not respond or have poor responses to these treatments [10] . In order to investigate a potential association between OC use and the clinical course of the disease it would be important to avoid interaction bias that heterogeneous responses to current therapies could create. The present retrospective and exploratory study was designed to examine the cross-sectional association of OC use with the clinical course of RR-MS patients before they initiated disease-modifying therapies. The association with possible confounders including smoking habits and childbearing was also investigated. In a subset of patients we further analyzed the influence of OC use on serum levels of vitamin D.
Methods

Patients and data collection
The studied population belong to a cohort of 145 women with RR-MS according to the revised McDonald criteria [11] , followed at the MS outpatient clinic (Neurology Department) of a central University Hospital in Lisbon, Portugal. The study included patients first examined between 1995 and 2010 with at least 2 years duration of disease. Clinical and demographic information was collected from patient notes at the visit to the neurologist prior to initiation of immunomodulatory or immunosuppressive treatments. No patients had been treated with steroids for at least 1 month. The clinical neurological data that were collected comprised the age at onset of MS, disease duration, annualized relapse rate and disease disability and severity, assessed by using the Expanded Disability Status Scale (EDSS) [12] and the Multiple Sclerosis Severity Score (MSSS) [13] , respectively. The MSSS is based on EDSS score adjusted for disease duration and is currently the best method to compare the severity of disease course between patients [13, 14] . MSSS scores were obtained from Fig. 3 of the paper by Roxburg et al. [13] . The MSSS values were dichotomized using a cut-off of MSSS b 2.5 to allow comparison of relatively benign patients with more severely affected patients [14] . The age at disease onset (DO) was defined as the earliest date at which neurological symptoms attributed to MS were reported. A relapse was defined as the appearance or worsening of a neurological disturbance lasting over 24 hours and followed by a variable degree of recovery [1] . The smoking questionnaire contained questions on current smoking status, starting and stopping dates and number of cigarettes smoked. Smokers were defined based on the report of smoking at least five cigarettes per day. Gynecological and obstetric histories were obtained from every patient and included age at menarche, age at initiation of OC use, duration of OC use, dates and number of full-term deliveries (parity), dates of menopause and gynecological surgical interventions. Women who never used OC were categorized as "neverusers". Women using the pill after DO were classified as after-users and those who discontinued its use before DO were defined as pastusers. We defined a patient to be an OC user when the prescription was adhered to for a continuous period of at least 12 months. We were unable to take the composition of the prescribed pill into account, because this information was lacking for some patients and many changed the type or brand of the drug. The most frequently used pills were combinations of an oestrogen (usually ethinyl oestradiol) and a progestogen. Approval for the study by the local Medical Ethical Committee was obtained and all patients gave written informed consent.
Measurement of vitamin D
Serum 25-hydroxyvitamin D (25(OH)VD) levels and body mass index (BMI) were measured in 37 patients (17 current-users and 20 never-users) and 32 age-matched female normal controls (17 current-users and 15 never-users). All serum samples were stored at −80°C and measurement of 25(OH)VD performed in blinded conditions regarding subject participants. Vitamin D was measured by Dia Sorin LIAISON technique which uses an antibody against 25-OH-D in a 2-site chemiluminescence assay.
Statistical analysis
Means (standard deviations (SD)) and medians (inter-quartile ranges (IQR)) were used to describe demographic and clinical data for each OC use behavior (never-users, past-users and after-users). Data were pairwise-compared among these groups using two-sided Mann-Whitney non-parametric tests for continuous data or Fisher's Exact tests for categorical variables. Multiple linear regression was used to assess the effect of OC use on the main clinical variables (EDSS, MSSS and relapse rates) with adjustment for possible confounders. Confounders taken into account were age at DO, age, disease duration, smoking status, and age at menarche.
Demographic and clinical data were pairwise-compared among the three types of OC users in the subgroup of patients with an MSSS b 2.5 using the Mann-Whitney or Fisher's Exact tests. The effect of OC use (after-users versus never and past-users) on the prediction of a benign course of disease (MSSS b 2.5) was analyzed using logistic regression to evaluate its effect after adjusting for confounders. The effect of OC use was assessed on the MSSS values using multiple linear regression to adjust for parity and potential confounders. The OC effect was also estimated amongst women with children, adjusting for the number of children and the timing of children relative to DO.
The effect of OC use on age at DO was assessed using multiple linear regression, adjusting for potential confounders, and the effect of OC duration on age at DO was evaluated using the non-parametric test for trend, after OC duration was categorized into 1 to 3 years, 4 to 5, 6 to 10, and more than 10 years of OC duration [7] . Vitamin D levels were compared between groups by analysis of variance (ANOVA).
Statistical significance was considered at the 5% level and 95% confidence intervals were computed for odds ratios (OR) and beta coefficients. All analyses were carried out using the statistical software STATA v10.0.
Results
From the cohort of 145 RR-MS patients, those in menopause (n = 7) or who underwent gynecological surgeries (n = 6) were excluded, leaving 132 women for the analysis. Among these, 52 were never-users, 26 were past-users and 54 were after-users. All but nine of the after-user patients started the prescription before DO. A summary of the demographic and clinical characteristics of these patients, stratified according to OC use, are presented and compared in Table 1 . EDSS and MSSS values were significantly lower in afterusers than past-users (p = 0.015 for EDSS and p = 0.002 for MSSS) or never-users (p b 0.001 for EDSS and p = 0.002 for MSSS). For the comparison between never-user and after-users, adjustment for age at DO, disease duration, smoking status and age at menarche left the significance unchanged for the EDSS and MSSS (β = − 0.69, 95% C.I. −1,13, −0.24, p = 0.003 for EDSS and β = −1.29, 95% C.I. −2, 12, − 0.47, p = 0.003 for MSSS). No association between OC behavior and the annualized relapse rates was seen even when adjusting for these confounders (β = − 0.08, 95% C.I. − 0, 29, 0.14, p = 0.481).
Among the patients with a more benign disease course (patients with an MSSS b 2.5) ( Table 2 ) no association was found between OC use and age, age at DO, disease duration and relapse rate. A significantly higher number of after-users (59%) in comparison to never and past-users (24%) were observed in this subset of patients (p b 0.001). Never-users were joined with past-users because only six patients had a benign course or had no children in the pastusers group. Logistic regression (Table 3) showed that patients who took OC after DO were more likely to have a more benign course than never and past-users (OR: 4.52; 95% CI: 2.13, 9.56, p b 0.001). This protective effect of OC intake remained sizeable and significant even after adjusting for potential confounders (Table 3: OR 2.97, 95% C.I. 1.24, 6.54, p = 0.011 and Table 4 : β = −1.04, 95% C.I. −1.78, −0.30, p = 0.006). Age at DO and age were too highly correlated to adjust for both, though the OC intake effect remained significant when age was adjusted for instead of age at DO (p = 0.014 and p = 0.007, for the equivalent in Tables 3 and 4 , respectively).
Parity was not associated with OC use (Table 1) , nor was associated with a benign course of disease, over and above the effect of OC and confounders (Table 3: (Table 4 : β = 0.77; 95% CI: − 0.11, 1.64, p = 0.085). Among women with children, having the children after as opposed to only before DO, or having a high number of children, were not associated with MSSS after accounting for the effect of OC and confounders (Table 4) .
Having children before DO (β = 5.18; 95% CI: 3.12, 7.23, p b 0.001), and using OC before DO (β = 1.99; 95% CI: 0.30, 3.69, p = 0.022) were associated with a later age at DO when adjusting for age. The effect of OC on age at DO was not significant when adjusting for parity and age (β = 1.49; 95% CI: −0.14, 3.12, p = 0.073), with parity having a significant effect independent of these other factors (β = 3.96; 95% CI: 1.85, 6.06, p b 0.001). In the subgroup of patients who took OC before DO (n = 71), a higher OC intake duration appeared to be related to a later age of DO (β = 0.50; 95% CI: 0.24, 0.76, p b 0.001). Having categorized OC durations into 1 to 3 years, 4 to 5, 6 to 10 and more than 10 years of OC intake, the mean (SDs) of age at DO were 26.3 (6.3), 28.1 (6.7), 29.5 (8.3) and 31.6 (6.6), respectively (test for trend p = 0.026).
Patients had lower mean 25(OD)VD serum levels than female normal controls (mean 18.9 (SD 8.9) vs. 25.5 (SD 11.8) ng/mL, p = 0.012). No significant differences were found between women who were OC users in comparison to never-users in patients and controls. In addition, no significant associations were found between vitamin D levels and smoking status, BMI values and age of subjects in our study population.
Discussion
Classifications based on the MSSS have been considered the best available methods for severity assessment of MS and discrimination of benign forms from more rapidly disabling disease courses [13, 14] . Therefore, our results suggest that women who use OC after the first symptoms of the disease have a milder disease course in comparison to those who never used OC or stopped its intake before DO. As previously suggested, we found that OC use and having children before DO [6, 7] as well as OC intake duration [7] might be associated with a delayed age at DO. Nevertheless, the protective effect on disability accumulation observed when OC use was maintained after the appearance of the first symptoms of the disease was independent of age, age at DO, OC intake duration and other studied potential confounders, including smoking habits and parity. Continuous variables were compared using the Mann-Whitney non parametric test. Percentages were compared using Fisher's Exact test; N/A: not applicable. EDSS = Expanded Disability Status Scale MSSS = Multiple Sclerosis Severity Score.
Table 2
Comparison of patients' characteristics with a benign course of disease (MSSS b 2.5) by patients' oral contraceptive use behavior.
Never and past users (n = 19)
After users (n = 32)
p-Value
Mean ( Continuous variables were compared using Mann-Whitney non-parametric test. Percentages were compared using Fisher's Exact test. were adjusted for each other. Age was not included because it is highly correlated with age at disease onset.
The influence of smoking on the progression of MS is still controversial [15, 16] and results from one study suggested gender-related differences in the association of pack-years smoked with measures of accumulation disability [15] . Our study indicates that intake of OC could have been a potential confounder in these studies. An influence of pregnancies or childbirths on disability progression of MS has been found by some [17] but not all studies [18, 19] . Differences in methodology and patient sample may account for this discrepancy. Most importantly, an OC behavior bias cannot be removed from these studies. Our data do not support any independent influence of parity and number of childbirths on MSSS outcomes when adjusting for OC use.
No influence of OC use on relapse rates was found in this study. It is known that relapse frequency does not directly influence the rate of sustained disability in these patients [20] . Increasing evidence indicates that biological mechanisms leading to disability progression implicate a neurodegenerative process and may differ from those responsible for acute relapses [21, 22] . Our results could thus suggest a promotion of repairing and neuroprotective mechanisms associated with OC use. This interpretation is supported by experimental and clinical data indicating that sex hormones may have protective effects on brain damage and repair mechanisms in these patients [3] [4] [5] . All oestrogens are not exactly alike [5, 23] . Importantly and unlike 17β-oestradiol, the common oestrogen found in pills ethynil oestradiol [24, 25] and progesterone [26] reduce the clinical severity of EAE when given after the onset of disease signs. Because the large majority of our patients have used different combinations of ethynil oestradiol and a progestogen, we cannot exclude that these hormones could have different impacts on the observed protective effects. Future work should address the potential of influence of progestogen-only pills on the clinical course of the disease. Oestrogens and vitamin D have mutual metabolic relationships [27] and an insufficiency of vitamin D have been implicated as a risk factor for MS [28] . In these patients, a recent study has found that lower levels of 25(OH)VD were associated with higher MSSS [29] . Most patients in this study were receiving disease modifying treatment and no information regarding OC use was provided. We did not observed significant variations of 25(OH)VD with OC use. However, we should be cautious with the interpretation of these results because of the small cohort of women analyzed and potential bias, including sun exposure, seasonality and diet [28, 29] . Further studies investigating the association of OC use with vitamin D metabolites are warranted. Current immunologic treatments for RR-MS are known to have a modest effect in preventing accumulation of disability [22] . While safety concerns associated with long-term therapeutic use of sex hormones should be considered [5] our results support a potential benefice of such compounds or their derivatives in combination with currently available immunomodulatory agents for the disease [23] . Overall, our results and previous work suggest that MS women considering the use of OC should not base their decision on potential deleterious effects on their clinical course. Rather, our data suggest a possible beneficial effect.
Our study has several limitations. It was limited in being a single center study, although in a generalizable clinic-based population. Data were collected retrospectively, though from well-kept patient records from a cohort of patients that was well-defined crosssectionally according to the time of disease onset. As with any observational study, the suggested association of OC use with a milder disease does not ascertain a causal relationship. Because after-users were younger than past and never-users patients, we cannot exclude a partial confounding effect of age. However, multivariate analysis was undertaken to control for this issue and the OC effect remained significant after adjusting for age. Moreover, our study is based on a sample population of RR-MS patients with a short duration of the disease and so we cannot infer from these data a favorable long-term effect of OC use in latter stages of the disease. Nevertheless, the clinical course of MS is highly variable and some patients develop high disability within a short period of time. The confirmation that OC use may delay disability accumulation early in the course of the disease could be of considerable interest. It is increasingly impractical and unethical to carry out a study on a large population of RR-MS patients with long disease duration and devoid of disease-modifying therapies. As discussed above, our findings need to be confirmed in prospective long-term follow-up studies in patients medicated with current immunomodulatory agents. Information relating tissue damage with OC behavior was not collected and should be assessed by MRI in future studies. Disease severity in MS is thought to be determined by environmental as well as genetic factors [14] . Although genetic data were not included in our study, the reported influence of these factors on disability progression has been modest and controversial [14] . Finally, it is possible that the type or composition of pills might be relevant for their potential benefits in the disease. Future research needs to clarify this issue, which could be of practical importance for MS women who decide to take this preventive method of conception and to design sex-hormone based therapies for this disease.
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